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The preparation of pure Am and Cm is necessary for
siudying the chemical and nuclear properties and for techw
nical use of these elements. Transplutonium elements are
produced by irradiation of Pu and U with high integrated
neutron flux in nuclear reactors. While irradiating the
congiderable quantities, the feed material is disgpersed inm
an inert filler which ensures the required heat removal;
the smali quantities may be irradiated without a filler,
Magnesium metal is used as the filler. The dissolution
of irradiated magnesium-ceramic blocks is attained by
nitric acid treatment. The reprocessing of the solution
thus obtained must provide the: separation of actinides
from macrocomponent, if any, the purification of Am-Cm
from Pu, their separation from rare earths (fission
products) and, finally, the separation of Am from Cm,

The first problem can be eanily solved by extractiom
of Am, Cm and R.E.; plutonium is preliminary extracted
ag; well, We have used phosphororganic compounds, ter—
tiary amines and thenoyl trifluoroacetone (TTA) as the
extractants for plutonium extraction from the solution
with salting-out agent; TTA is used for extraction from
saltless: solution, The resulting concentrate of Am anc
Cm can be then reprocessed by means of extraction. and
chromatographic methods; it 1s most advisable to ac~
complish the preliminary purification with the help of
di ~ (2-ethylhexyl)-phosphoric acid (D2EHPA} and
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tri-n-decylamine (TDA) from the concentrated solutions:
of lithium chloride; the complete purification is per-
formed with chromatography by using hydrochloric acid and
ammonium- o ~hydroxyisobutyrate as the eluents.

I. Extraction of Am and Cm.

The solutions obtained as a result of the dissolu-
tion of irradiated samples are rather convenient, from
standpoint of their composition, for the separation of Am
and Cm from Pu.

Pu (IV) may be readily extracted with TTA (1,2,3)
from nitric acid solutions. For plutonium extraction
from irradiated materials containing Am, Cm and fission
products: we have used 0.,2M TTA-benzene solution, The
aqueous solution for the extraction was adjusted to aci-
dity of 0.5 M; Pu was stabilized in tetravalent state by
sodium nitrite. While extracting with TTR, kinetics is
an important factor as the reaction rate of chelate for-
mation is low and therefore has a great influence omn the
extraction. In order to determine the rate of Pu (IV)
extraction, we have studied the effect of contact phase
time on the value of its extraction in horizontal pulsed
column, The capacity of the mixing section was equal
to 135 ml. The use of such a column enables to chcose
the conditions under which interphase is changed slight-
ly at different efficienciems As a continuous phase,
0.2 M TTA-benzene solution was used, The aqueous solu-
tion containing Pu was passed through the column at the
variable rate, For comparison, extraction kinetica:
was studied not only on: 0.5 M nitric acid solution, but
also on the solution containing salting-out agent.

The obtained data are shown in Figure l.

The amount of the extracted plutonium depends greatly
345
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on the phase contact time,

The rate constant of reaction was determined accord-
ing to Goldschmidt's equation (4). The value of the
constant "Ka" in the case of extraction from 0.5 M nitric
acid was ag high as (0.33+ 0.03) minTt In the presence
of magnesium nitrate the value of this constant. was
several times less: K = (0.0940.03) min™'? this exhibits
the great influence o salt concentration in sclution: on
the: extraction rate.

From the solutions which contain nitric acid and
large: amount of magnesium nitrate, plutonium is isolated
by means of liquid extraction with such solutions of
phosphororganic compounds. ag. TBP and D2EHPA or with TOA
and TDA in inert diluen*s3,

The distribution coefficients of Pu (IV) and Cm for
extractants cited above are summarized in Table I,
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Table I

Distribution Coefficients of Pu and Cm

Composition of Composition Distribu~ Distribu-
aqueous solution of extractants tion ccef- tiom coef-
(M) ficients ficients
of Pu(IV}) of Cm

Magnetic :Nitric
nitrate :acid

245 1,33 5% TBP im decane 43

2.5 1.94 0.00l1M D2EHPA in
decane 300

2.5 1,30 0.2M TDA im decane .30

2.5 3.00 0.2M TOA in
benzene 27

The values of distribution coefficients indicate that
all the extractants listed above can be used for plutonium
extraction, providing the high degree of purification from
Am and Cm. Transplutonium elements remain completely in
aqueous solution,

The group separation of transplutonium elements and
rare eartis is considered to be a step in Am and Cm puri-
fication from mactocomponent, if present, and from many
fission products, The extraction of these elements can
be conducted both from pure solutions and from solutions
containing salting-out agent, In the first case, chelat-
ing agents can be used as the extractants for isolation of
actinides and lanthanides from solutions at low acidity
(1, 5)« In the second case, neutral phosphororganic com-
pounds (6,7) are utilized as extractants; the content of
excegsive acid in the solution should be as low as possgible

to avoid the competition between the extractable metals
345
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and the acid.

The published date on Am and Cm extraction with TTA
contain no informetion concerning the ways of keeping the
required value of pH in the solution and the influence
of diluent on the extraction; this limits the applicabi-
lity of extraction of transplutonium and rare earth ele-
ments with the help of TTA. We have studied the effect
of diluent on the extraction of Am, Cm and R.E. (Ce, Eu,
Tu, Tb, Lu) with 0.2M and 0.05M TTA solutions., The
pH-value of solution was adjusted by addition of small
quantities of nitric acid or ammonia,

The data obtained for extraction of Cm and Tb are
represented in PFigures 2 and 3,

In the range of investigated pH-values the: extrac-
tion of elements from aqueous solutions increases on in-
creasing pH of feed aqueous solution; at the further
increase of pH, the hydrolysis of metals begins to affect
the process.

The wvalues of distribution coefficients are influenc-
ed by diluent. The higher values of the distribution co-
efficients are obtained by use of oxygen-containing di-
luents, In order to determine the' composition of the
compounds in organic phase, we have studied the depen-
dence of distribution coefficient. on hydrogen ion concen-
tration in aqueous solution and on TTA concentration in
organic phase, The obtained distribution coefficients
are directly proportional to the third power of TTA con-
centration and inversely proportional to the third power
of hydrogen ion concentration. Thus, the extraction can
be expressed by the equation as follows:

Me3*43HA —> MeA 3+ 3
To ascertain the reasons fa higher extractability

of the investigated elements while using oxygen-containing
345
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diluents, the method of dilution was utilized, At the
constant concentration of TTA in organic phase, the compo-
sition of this latter was changed with changing the ratio
between the highly extracting oxygen-containing diluent.
and the poorly extracting diluent (benzene).

In Figure 4 the data are given which were obtained for
the dependence of the distribution coefficients of terbium
on the concentration of amyl acetate or dibutyl ether in
TTA-benzene solutions at the constant concentration of TTA
and hydrogen ions, The results produce a strong evidence
for formation of solvate of Me (TTA)BS in organic phase
( S - moleculeor oxygen-containing diluent). The formationm
of solvate is responsible for the higher extractability of
transplutonium and rare earth elements while using the
oxygen-containing diluents of TTA.

In the further investigation, some buffer solutions
have been used to attain the certain stable values of pH,
It is clear from the results obtained that, depending on
the used buffer golution, the quantity of the extractable
element may be more or less as compared with the quantity
of the same element extracted from the solution without,
any buffer, For example, at pH=3.5 the equal volume of
0.2 1" TTA 1in benzene extracts about 70 of Cm
Trom acetate buffer and about 20 “  from
citrate buffer; in the absence of buffer solution, 40%
of curium can be: extracted at the same value of pHe The *
information on Am and Cm extraction with 0.2 TTA-solu~-
tions from acetate buffer is given in Figure 5. The most
favourable results were cbtained for the extraction from
acetate buffer with TTA solutions in amyl acetate,

Kinetics is also of great importance for Am and Cm
extraction. The investigation of the rate of Cm extrac—
tion with TTA-solution in benzene was conducted in hori-
zontal pulsed column under the above-mentioned conditions,

345

6

Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100044-2



. ' A T LS . ¢
Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100044-2
%S . : Q- 0

The data obtained are reported in Figure 6. The values of
the rate constant for heterogenous reaction calculated in
accordance with Goldschmidt"s equation were found to be
in the order of (0.57 + 0.06)mifit in both cases of ex-
traction in the presence of magnesium nitrate and without
it.

To extract americium and curium from the solution
containing salting-out agent, the same extractants may be
used ag those for plutonium extraction., However, the: con-
centration of extractant in the organic solution should be
considerably higher,

The distribution coefficients of transplutonium ele-
ments are greatly influenced by nitric acid concentration
in aqueous solution, The data on curium extraction with
the: extractants described above are represented in Table II,

These results have meant that transplutonium ele ments
can be extracted from aqueous solution of magnesium nitrate
provided the concentration of nitric acid is not high. The
best results have been received for extraction by 40% -
-golution of TBP in decane., In all these cases the main
impurities are rare earths anmd iron (if present in aqueous
solution) which are extracted into organic phase under
these conditions ag well,

Table II
Dependence of distribution coefficients of curium
on nitric acid concentration in aqueous solution
containing 2.5 M magnesium nitrate.

Extractant : Distribubion coefficient.

PTaZ M:IeT Mifu4 M:pH=0,3:pH=1.2;:pH=2,3:pH=2,6

40% TBP

in decane 62 69 70
0.36M D2EHPA

in decane 30

0.8 TDA in
benzene
345
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2.Extraction separation of actinides and rare earths.

The concentrate of Am and Cm obtained as a result of
extraction contains considerable quantities of fission
rare carths which often exceed the content of Am and Cm.
Because of high specific activity of rare earths and ac-
tinides, it is advisable to remove the bul’z of fission
products by means of extraction. In the literature some
metinods are described for separation of rare earths and
actinides by use of extraction with amines and alkyl
phosphoric acid from lithium chloride solutions (8, 9).

We have studied the group separation of transplutonium
and rare earth elements by means of extraction from con-
centrated solutions of lithium chloride: with the help of
D2EHPA and TDA chloride in different diluents, depending
on the composition of aqueous solution, the concentration
of extractants and the diluent. 1In Table III the data-
are shown on the extraction of some trivalent elements
with D2EHPA in different diluents from aqueous solutions
of lithium chloride at various content. of hydrochloric

acid,

345
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Table IIX

Dependence of isolation of actinides and lanthanides
on extraction conditions with 0,3 M D2EHPA.

:Concentration : % of Extraction
Diluent : -
' I(‘BJ;[C% (Hf’d])' Am :Cm : Ce : Eu : Tbh. : ™m
Polyalkyl
benzene 13.0 0,007 11.9 92.6
=" 12,0 0.007 10.3 84.8
- 13.0 0@.010 17.2 4.7
- 12.0 0,010 9.6 73.5
' 13,0 0,040 T.9 30.1 81,0
-e 12.0 0,040 5.1 19.8 76.0
Octane 13.0 0,003 25.7
- 13.0 0.068 13.9 16,3 43.1 64.5 68.4 83.7
Kerosene 13.0 0.003 21.8
-"e 13.0 0.068 9.6 13.4 34.2 49.3 51.3 55.7
O-xylene 13,0 0.007 3.7 9.3 13.5 & .8 86.5
- 12,0 0.007 3.5 9.0 12.4 69,1 84.5
- 12,0 0.135 0.5 1.1 1,2 6.3 29.5

It is clear that rare earths are chiefly extracted
with D2EHPA from the solutions of lithium chloride; the
extraction increases markedly with atomic numbers. Curium
and americium are: extracted +to a small degree; for these
reasons, it is possible to carry out the group separation of
lanthanides and transplutonium elements ty means of extrace -
tion from lithium chloride solutions. The D2EHPA-extrac-
tion is dependent on the concentration of lithium chloride

and hydrochloric acid in agqueous solution. The distribution

345
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coefficients of elements under review decrease with the in-
creasge of hydrochloric acid concentration in the solution.

The other investigated extractant is 20% TDA-chloride
which was used for extraction from the solution containing
0.015 M hydrochloric acid and I M lithium chloride, The
results obtained are shown in Table IV.

Table IV
Extraction of curium and europium with 20% TDA-
-golution in different diluents.

Diluent: % of curium % of europium
extraction extraction

n-octane TDA«HC1 does not dissolve
Carbon tetrachloride 22,0 0.6
Benszene 65.6 11.4
Toluene 71.6 9.6
Xylene 91.0 21.6
Chloroform 0,01 0.01
Chloro~-benzene T7.6 9.6
iso-amyl acetate 64 .4 5.6

ﬁ, ﬁl-Dichloroethyl
ether 78.4 35.5

Nitro~benzene T1.4 21.0
Polyalkyl benzene 8l.4 18.6
Dibutylcarbitol 55.8 4.8

211 the investigated diluents have a great influerce
on amine extraction of Cm and Eu, As a whole, .- curium
is extracted considerably better than europium, irrespec-
tive of the diluent employed.,

3us
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Figure 7 and Table V show the effect of lithium chlo-

ride concentration on curium and europium extraction from
aqueous solutions containing 0,015 M hydrochloric acid by
means of 20% TDA-chloride solution in different diluents.

One can see in Figure 7 the strong dependence of
curium extraction on lithium chloride: concentration. The
extraction of curium becomes appreciable only after lithium
chloride concentration attains 9 M. In the studied range
of concentrations, curium is extracted much better than
europium; this means the possibility of separation by uti-
lizing nearly all diluents cited above.

It is shown in Table V that the highest distribution
coefficient (&) of curium for TDA-extraction has been
observed in that system wherer amine is dissolved in xylene;
the separation factor (D) for Cm and Eu have also the
highest values in this system. As the concentration of
lithium chloride: in agqueous solution decreases, the se-
paration factors increase for all the diluents under con-
sideration,

The experimental data concerning the dependence of
TDA-extraction of Cm and Am on the acidity of aqueous
golution containing lithium chloride have shown thatt the
extraction of Cm and Eu decreases with increase of acid
conceantration irrespective of the diluents employed., In
Table VI the data on the separation factors (D) are sum-
marized depending on the concentration of TDA-chloride
in xylene. According to these results, the higher concen-
tration of the extractant decreases Cm-Eu separation
factors (D),

IG5
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Table V
Distribution coefficients of curium and europium for
the extraction with 20% TDA-solution: from lithium
chloride: solution
%1?1 t__ Xylene :Polyalkyl benzene:Chloro-benzene: Tuluene :Nitro-benzene
M - - - - - o1, - - - - - -, . -
2egp dg, 2 D o, : D wlop gy, D 3 obopdipy ¢ Dby gy, ¢ D

13,0 10,0 0.30 33 5.0 0.20 25 3.4 0,10 34 2.5 0,10 25 2.5 0.30 8,3
12,6 5.3 0.090 59 3.8 0.13 29 2.3 0.05 46 1,7 0.050 34 2,2 0.13 17
12.2 3.1 0.050 62 2.6 0.070 37 1.6 0.03 53 1.2 0.030 40 2.0 0.070 28
11.8 1.9 0.020 95 1.8 0,030 60 1.2 0.010 120 0.8 0,010 80 1,7 0,040 42
11,2 1.0 0.004250 1.3 0.014 93 0.65 0.008 81 0.6 0.008 75 1.5 0.020 €0
11.0 - - = 0.9 0.006 150 0.30 0,004 75 0,37 0,492 1,0 0,016 62
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Separation factors of Cm and Eu depending on TDA-
chloride concentration far the extraction from
aqueous solution containing 13.4 M LiCl and 0.015 M HC1.

Concentration of D
TDA-chloride: in vol.%

10 40
15 21
20 12
30 5

Thus, the combination of the extraction with D2EHPA
and TDA has made it possible to obtain the satisfactory
results in separation of Am and Cm, on the one hand, and
rare earths, on the other.

3. Purification of Am and Cm by chromatographic
method

The concentrates of transuranium el ements obtained
as a result of extraction processes contain still the
considerable quantities of fission products and other
impurities. The predominant impurities in Am-Cm frac-—
tion are lanthanides, The chromatographic methods of pu~-
rification permit to prepare transurenium elements to
higher degree of purity.

The separation of those elements which have many
8inilar chemical properties is readily achieved by means
of hydrochloric acid elution from cation-excaange resing
(]3.& 11). The practical use of this methodi proves effective

13
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while varying the concentration of hydrochloric acid
which we used in our work. The change in hydrochloric
acid concentration enables to prepare actinides to high
degree of purification from lanthanides and residual macro-
impurities (iron, magnesium, etc.,). For separation purpo- /
ses, the KU~2 resin was used which has g particle size |
about 0.2-0.4 cm/min. according to sedimentation. The se-
parationar were completed at toom temperature in columns
80 mm in height and 3 mm in diameter, The results obtained
indicate (see Fig.8) that the most favourable ordexr of
changing the eluent concentration was ag follows (in the
presence of lanthanides, actinides and macroimpurities such
as iron, magnesium, etc.): first, 2-3M hydrochloric acid is
sent; the macroimpurities are easily eluted by it, while
the actinide and lanthanide elements remain on the resing
then the elution is conducted with 12-13 M hydrochloric
acid for the rapid removal of actinides; at the same time,
lanthanides are again left on the resin, At last, 6M
hydrochloric acid is passed through the columm to elute
the lanthanide elements, In the absence of macroimpurities
of iron and magnesium, the separation of Pu, Am and Cm
from lanthanides is easily performed under the same condi~
tions: by means of 12 - 13 M hydrochloric acid, whereas
lanthanides are eluted with 6 M hydrochloric acid,

4s is evident from Figure 9, Pu, Am and Cm being se-
parated from rare earths are practically eluted in the
same peak; the influence of lanthanrm (which is also e
often used as the carrier for transplutonium elements) onm -]
the group separation of actinides and lavthanides is seen
from the chromatograms reproduced in Figure 10, It is no-
ticeable that the poor separation of transplutonium and
rare earth elements occurs at 10%-load of resin capacity;
on the further increase of lanthanum content, the separation

345
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of rare earths and actinides does not practically occur.
It is evident from the results obtained that the elution
with hydrochloric acid of variable concentration allows -
to obtain in the same peak the Pu, Am and Cm fraction
free from rare earths. Thus, the decontamination from
many other fission elements and macroimpurities is at-
tained in the course of these operations,

The preparation of individual transuranium elements
with the help of complexing agents on the cation-exchange
regin is believed to be the most preferable method which
makes it possible to produce the transuranium elements in
higher puritye.

As reported by many investigatorss (12-15), ammonium-
K —oxyisobutyrate is considered the best organic comp-
lexing agent. We have used this method for Am-Cm separa-
tion., It has allowed to perform the simultaneous deconta-
mination from plutonium which is accumulated as a result of
curium decay. While separating, the plutonium peak pre-
cedes the curium peak and, in practice, coincides with
californium peake.

Figure 11 shows the results far separation of Pu, Am
and Cm from each other on the KU-2 resin the particle
gize of which is of the order of O,l - 0,2 cm/min, at
85 = 90°C according to sedimentation.

The data on alpha-spectrometry and radiochemical ana=-
lysis have shown that the impurities of alpha-emitters in
peak fractionam of separate elements do not exceed
1072 - 107%% of alpha-activity.

345
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Fig.l. Dependence of Pu (IV) extraction with
D¢ 2" TTA-benzene solution on phase contact time.
I - 0.5M nitric acid
IT- 0.5M nitric acid + 3.5l magnesium nitrate

Fig. 2. Dependence of distribution coelificlunt of
curium (of) on pH for extraction with 0.2 TTA solution in
the following diluents:

I - choloroform; II - toluene; III - oenzene;
IV - dibutyl ether; V - amyl acetate

Fig. 3. Dependence of distr>bution coefficient of
terbium (o) on pH for extraction with 0.05M TTA solution
in the following diluents:

I - benzene (the concentration of terbium nitrate -
lO-4M) # IX - benzene ( the concentration of terbium
nitrate - lO'SM); IITI~ amyl acetate; IV - dibutyl

ether ( the concentration of terbium nitrate -10~4H).

Fig. 4. Dependence of distribution coefficient of
terbium (o) on the concentration of oxygen~containing
diluents (S) as follows:

I - amyl acetate (0.1M TTPA-benzene solution, pH=2,4,

the concentration of terbium nitrate - 10"5M);

II - dibutyl ether (0.15 M TTA- benzene solution;

pH= 2.75; the concentration of terbium nitrate - lO-SM).

Fig. 5. Dependence of distribution coefficient of
americium (ol) on pH-values for the extraction as follows:
I - 0.2 TTA-benzene solution;

II - 0.2M TTA- benzene solution from acetate buffer;
ITT = 2.2 77 7% golubilon in amyl acetabo;
IV = ", 20" ™4 solubion in amyl acobote fron ncobabs

owl'fer.
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Fig.6. Dependence of curium extraction with
0.2M TTA-benzene solution on phase contact time:
I - acetate buffer; pHs 3,8; II - acetate buffer + magne -
gium nitrate; pH = 3.3,

Fig. 7. Dependence of curium and europium extraction
with 20% solution of TDA-chloride in different diluents
on tie concentration of lithium chloride.

I - VI - curium extraction; VII - XII - europium extrac-
tion; I, VII - xylene; II, VIII - polyalkyl benzene;

III, IX - toluene; IV, X - chloro-benzene; V, XI - nitro-
benzene; VI, XII -benzene.

Fig.8. Chromatogram of purification of transuranium
elements from macroimpurities of iron, magnesium and
from microimpurities of rare earths for the elution with
hydrochloric acid of wvariable concentration.

Conditions: height of column - 80 mm, diameter - 3 mm;
KU - 2 resin, particle size - 0,2 - 0.4 cm/min. according
to sedimentation; temperature 18°¢.

Fig. 9. Chromatograms of Pu, Am and Cm separation
from rare earths and lanthanum for the elution with hydro-
chloric acid of variable concentration. The conditions
are the same as seen in Fig.8.

Fig.1l0. Chromatographic separation of transuranium
elements and rare earths in the presence of macroquanti-
ties of lanthanum chloride. The conditions, see in
Fig. 8, 9. In experiments I, II, III, IV, the load of
column is equal to 0%, 1%, 10% and 100% of its capacity,
resgpectively,

Fig. 11l. Chromatogram of Am, Cm and Pu separation by
use of 0,3M ammonium o(-hydroxyisobutyrate.

Conditions: height of column - 70 mm, diameter -2.5 mmj;
KU-2 resin, particle size 0,1-0.2 cm/min. according to
sedimentation; temperature 85-9000; rate of elution-

100~110 sec per drop.
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